Introduction 27
The Messinian Salinity Crisis (MSC) was a dramatic event (~ 5.9 Ma) that affected the whole 28 This revised Messinian scenario is described within the framework of a 3-stage stratigraphic model 46 8
Interpretation 188
The presence of the small bivalve fragments (Ostrea, Cardium) indicates a marine origin for these sediments. 189
Coarsening upwards sequences are classic deltaic indicators , and bi-190 directional currents are also very common in such environments, typically the result of tidal influences in a 191 shoreface depositional setting. The lower cross-bedded sandstones may belong to the distributary mouth-bar 192 facies, while the conglomerate lenses could be channel-fill deposits as the delta becomes more fluvially 193 influenced as water depth shallows. Therefore, we interpret this sequence as gravelly-sandy foresets of a 194
Gilbert-type fan delta . by . The lower part of the section exposed to the south, is composed of fossiliferous, 207 interbedded, thin (< 20 cm) sand beds and interbedded marl of the Nurzeytin Fm., (Facies M and MS; Table  208 1) gently dipping to the southeast. The fossil content is variable, with macrofossils such as marine 209 gastropods, including specimens from the Cypraeidae, Ellobiidae and Conidae families, and bivalves 210 including Ostrea sp. and Corbula sp., present, while microfossils, including ostracods, such as Cyprideis 211 spp., Aurila spp., and Loxoconcha spp., and benthic and planktic foraminifera, including Globigerinoides 212 spp., are present near the top of the section . Further micropalaeontological analysis 213 (benthic foraminifera) was undertaken on this section as detailed below. 214
Above the interbedded marl and fine-grained sandstones is an abrupt transisition along a gently 215 9 Samandağı Fm., forming moderately dipping (20°) beds that downlap onto the top of the underlying marl 217 (Fig. 6 ). Above this interval, the lithology is similar but the bedding is disturbed and contorted (Facies Smc; 218 
Micropalaeontological results 223
The preservation of benthic foraminifera is generally moderate to good in the majority of samples. 224
Some samples contain broken specimens and some contain specimens with iron staining (OR7-20, 24, 26 225 and 33). Sample OR7-33, which was excluded from the analysis, contained few individuals, which are 226 poorly preserved and large in size. 227
The top ten ranked species in all samples overall account for 72.7% of the 107 identified species. 228
The two most abundant species, Rosalina globularis and Asterigerinata mamilla, occur in every sample and 229 together account for a mean of 33.5% of all species throughout the studied interval. Their relative 230 abundances vary throughout the interval and overall show an increase up through the section (Fig. 7) . The 231 percentage of 'high-productivity/low-oxygen species' (sum of % Bolivina spp., Brizalina spp., Bulimina 232 spp., Melonis affinis and Uvigerina peregrina) (e.g., Lutze and Coulbourn, 1984 ; Sen Gupta and Machain-233 Castillo, 1993) shows an overall decrease from mean values of 26% to 14% through the section (Fig. 7) . The 234 'high-productivity/low-oxygen' species group is dominated by Bolivina spp. and Brizalina spp.; whilst 235
Bulimina spp. (0.4% of total), M. affinis (0.02%) and U. peregrina (0.05%) have very low abundances 236 throughout the studied interval and only occur sporadically. The percentage of miliolids (Adenosina spp., 237
Cornuspira involvens, Cycloforina spp., Miliolinella spp., Pyrgo spp., Quinqueloculina spp., Spiroloculina 238 spp.) fluctuates throughout the interval with lower abundances (<2%) occurring in the middle part of the 239 section (OR7-18, 4.25 m to OR7-28, 6.75 m) (Fig. 7) . The planktic foraminifera are dominated by small, 240 juvenile specimens in the studied > 63 µm size fraction. Higher percentages of planktic foraminifera occur 241 in the middle part of the section (mean 40%, OR7-16, 3.75 m to OR7-30, 7.25 m) compared with the interval 242 before (mean 25%) and after (mean 25%) (Fig. 7) . Diversity fluctuated over the studied interval, although 243 there appears to be a slight temporal trend towards lower values (Fig. 7) . 244 10 245
Interpretation 246
The benthic foraminiferal assemblages (dominated by Rosalina, Asterigerinata, Haynesina, 247
Elphidium, Ammonia) indicate that the deposition of the marl succession occurred in an inner shelf 248 environment (0-100 m water depth) (Murray, 1991 (Murray, , 2006 . This is supported by the alpha index values ( 9-249 15), which fall within the range typical of inner shelf environments ( 3-19) (Murray, 1991) . Barbieri water depth increased at this time, and the concomitant decrease in the abundance of miliolids, which are 262 generally more abundant in shallower water (Murray, 1991 (Murray, , 2006 , generally supports this observation. 263
In the modern Mediterranean Sea, the two most abundant species, R. globularis and A. mamilla, are 264 known to be epiphytic species that are temporarily attached and make up 10-45% of assemblages on 265 microhabitats with a high sediment content (Posidonia rhizomes, algae) (Murray, 2006) . It is known that the 266 distribution of epiphytic foraminiferal assemblages is controlled by substrate, light, availability of plant 267 substrates and food (Murray, 2006) ; therefore the observed changes in the abundance of these species are 268 most likely associated with one or more of these factors. If seagrasses were present, and thus supporting the 269 epiphytic benthic foraminifera, then the maximum water depths allowing photosynthesis would be 20 m 270 (Zieman and Zieman, 1989) . The increase in abundance of R. globularis and A. mamilla up through the 271 section is not likely to be associated with increased food fluxes because the percentage of species indicative 272 of 'high-productivity/low-oxygen' conditions decreases. 273
When combined with the sedimentary data, the majority of the marl facies of the Nurzeytin Fm. for downslope reworking can also be inferred for some foraminifera due to the presence of abraded and/or 285 fragmented tests. 286
The decimetre-scale beds of the Samandağı Fm., observed to down-lap onto the lower marl and 287 sandstones, represent avalanche foresets of a delta that is prograding into relatively deep water with a high 288 sediment supply from feeder systems . The disturbed and contorted bedding 289 observed above the foresets is the result of sediment slumping due to downslope instability as a result of 290 either oversteepening of the slope close to the angle of repose by bedload deposition or tectonic activity 291 within the basin. The channelised sands above may represent the lowest-most beds of the subaerial topset of 292 the deltaic system. This facies association is characteristic of a Gilbert-type delta and is remarkably similar 293 to the Gilbert-type deltas described elsewhere in the Mediterranean during the Zanclean (i.e., Melinte-294 abundant, comprising about 50% of the total foraminifera. 364
Interpretation 365
The benthic foraminiferal assemblages (dominated by Bolivina and Brizalina, together with 366
Bulimina, Cibicides, Cibicidoides and Cassidulina) indicate that the deposition of the lower part of the 367 succession occurred in an outer shelf-upper slope environment (100-200 m water depth) (Murray, 1991 (Murray, , 368 2006 ). This is supported by a high abundance of planktic foraminifera (about 50%), which is typical for this 369 The overlying sandstone beds of the, presumably Zanclean, Samandağ Formation cut 379 stratigraphically downwards to the southwest (seawards) and are lacking in fossil material. The similarity of 380 these sandstones to the upper sands present in the other described localities implies that these could be the 381 topset beds of a fan-delta system. 382 383 Section (location 5; Fig. 3 ) 384 A well-exposed section of the Samandağ Formation dating to the latest Miocene to earliest Pliocene 385 ) is exposed near Sutası (Fig. 3, location 2 ) along a road cutting ~ 650 m long and ~ 10 386 m high. The base of the section is dominated by fossiliferous, orange-coloured, lithic calcarenite (Facies Ss; 387 Table 1) , with bedding thickness 0.25-3.00 m thick (Fig. 9a) There is a change in the character of the sediments at ~ 30 m up the section (Fig. 9a) ; the lithic 396 calcarenite becomes coarser-grained with common trough and planar cross-bedding (Facies Scr; Table 1) , 397 yet the thickness of the bedding decreases with many beds <10 cm thick. The overlying beds exhibit planar 398 cross-bedding, parallel-laminations and ripple cross-lamination. These are interbedded with two lenticular 399 polymict clast-supported conglomerates up to 75 cm thick (Facies Gc; Table 1 ) with coarse sandstone and a 400 1 m thick mottled pink mudstone above (Table 1) 
Sutası

Interpretation 410
The lower part of the section is composed of medium-grained sandstones with sharp, often erosional, 411 bases that fine upwards, with parallel-laminations and planar cross-lamination in some horizons. Pebble and 412 fossils lags are also commonly present formed as a result of low-relief scours and currents. The bioturbation 413
suggests that between phases of rapid deposition sedimentation was relatively slow allowing colonisation of 414 the substrate. This facies association is typical of coarse-grained lower shoreface environments (Reading 415 and Collinson, 1996; Clifton, 2006) . 416
The lower shoreface passes vertically upwards into the upper shoreface facies association with 417 trough cross-bedded sandstones, the result of oscillatory motion related to the primary onshore waves and 418 secondary back-flow or the result of tidal influences (Dashtgard et al., 2012) . The observed increase in 419 grain-size is also common from the lower to the upper shore face . 420
The progradational nature of this sequence suggests that the stratigraphically higher sediments would 421 be representative of the foreshore and beach. This interpretation is supported by the presence of horizontal The basal part of the section is composed of interbedded calcarenite, chalk and marl (Fig. 9b)  443 forming a conformable transistional boundary with the underlying Nurzeytin Formation (Facies M,C, Ss; 444 Table 1 
Interpretation 457
These sandstone beds are interpreted as redeposited material. In the lower part of the section, these may be 458 grain-flow and turbidite deposits (Stow et al., 1996) , whereas in the upper part of the section the sands may 459 represent channel-fill deposits with basal conglomerate lags. This suggests an increase in energy upwards 460 possibly due to shallowing of the water column. This is in agreement with a decrease in marl up the section 461 that would represent background basin sedimentation (Stow et al., 1996) . The Sr isotope value (Boulton et 
Messinian Gypsums 467
In addition, to the selenite and gypsum breccia observed capping the top of the Mizrakli sequence 468 (section 5.3), gypsum outcrops at a number of other localities in the Hatay Graben (Fig. 3) the alabastrine gypsum can be observed to be interbedded with in situ selenite. These alabastrine gypsums 472 are normally overlain by gypsum breccias and blocks of gypsum in a gypsiferous marl matrix (Fig. 10) . On 473 the southern margin of the graben near Sebenoba (Fig. 3) Pliocene. As a result, footwall uplift and hangingwall subsidence would have (relatively) rapidly produced 523 20 areas of varying water depth and new depocentres during the Messinian. Therefore, it is possible that in a 524 relatively short time the basin could have deepened sufficiently, combined with seismicity, to rework 525 shallow gypsum facies into basin depocentre to form RLG facies. While on the flanks of the graben PLG 526 facies would have accumulated. In the Hatay basin, shallow water gypsiferous sediments are not preserved 527 but they are farther to the north (Tekin et al., 2010) . Therefore, on balance, the Vakıflı evaporites can be 528 considered as RLG deposits but further research into field relationships and strontium isotopes is required to 529 confirm this hypothesis. 530 tripartite subdivision with a lower unit comprising mainly alabastrine-type gypsum with marl laminations, a 541 middle selenitic division, and an upper matrix-supported conglomerate. These deposits are interpreted as 542 deposition in local depocentres with the uppermost unit the result of tectonic instability (Hardenberg and 543 . Indeed, to generate the required accommodation space to accumulate these thick 544 evaporite deposits, tectonic subsidence needs to be invoked given regional base-level fall. Although, 545 strontium data are lacking for this area, the stratigraphy is similar to that described for the Hatay Graben, 546 indicating that the gypsums in the Nahir El-Kabi half-graben could belong to the RLG. sediments and the mega-rudite is directly overlain by Pliocene marine marls . 571 Therefore, the overall stratigraphy from these basins is very similar to the Hatay Graben, although the Hatay 572 The section investigated at Mizrakli (section 3) appears continuous through the Tortonian -Messinian 619 boundary, suggesting that this area may have been protected from later erosion potentially due to a location 620 more proximal to the basin depocentre (Fig. 11) . 621
Stage 1 of the MSC 622
No gypsum from this period appears to have been preserved in situ in the Hatay Graben. Shallow 623 water and sub-aerial gypsum facies have been described north of the Hatay Graben near Iskendurun (Tekin 624 et al., 2010) that are typical of the PLG deposits. PLG and associated deposits have also been described 625 from the Adana Basin, suggesting that PLG could have been deposited if there were suitable conditions at 626 that time. Therefore, it is possible that shallow water deposits were present on the edges of the basin feeding 627 the resedimented gypsum that is observed in the Hatay Graben at the present day, but these deposits have 628 subsequently been eroded. The Plio-Quaternary faulting that has formed the present topographic graben 629 has also dissected the region and previously the Hatay basin may have been 630 part of a wider depositional system that at present. 
